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ALUMINUM-ALLOYSHEETAT ELEVATEDTEMPERATURES

Ey EldonE.Mathauser

SUMMARY

Compressivestress-straintestresultsfor7075-’I%aluminum-alloy
sheetarepresentedfortemperaturesrs@_ngfromroomtemperatureto
700°F andforexposuretimesfrom0.1to103hours.Allspecimens
wereloadedparallelto therollhgdirectionofthesheetandwere
testedat a nominalstrainrateof 0.002perminute.Stress-strain
curvesarepresentedforeachtemperatureandexposuretimeinvesti-
gated,andsignificantdesigndataobtainedfromthecurves(compres-
siveyieldstress,Young’smodulus,secantandtsmgentmoduli,andtwo
stressesusefulfordeterminingthemaximumcompressivestrengthof
plates)arepresentedin graphicalandtabularform. A time-temperature
parameterderivedfromrate-processtheory
pressiveyieldstressesas a singlemaster

INTRODUCTION

isusedtopresentthecom-
curve.

Manystudieshavebeenmadetodeterminetheeffectsofelevated
temperatureandexposuretimeon thecompressivestress-strainproper-
tiesofaluminum-alloysheet.(See,forexample,refs.lamd 2.)
Althoughtheseexperimentalstudiescovereda widerangeof tempera-
turesandexposuretimes,no datawereobtainedwhichindicatethe
effectsofshortexposuretimes(lessthan1/2hour)on theelevated-
temperaturecompressivepropertiesofthesealloys.Ihaddition,for
longerexposuretimes,compressivestress-strainpropertieswere
obtainedonlyfortemperatureincrementsofaboutlCOOF. Thepresent
studywasmadetodeterminetheeffectsof shortexposuretimeon the
compressivestress-strainpropertiesofaluminum-alloysheetandalso
toobtainconventionalcompressivestress-straincurvesforlonger
exposuretime(upto lM hours)at smallte~eratmreincrements.

Inthepresentinvestigationcompressivestress-straincurveswere
obtainedfrom7075-T6aluminum-alloysheetforexposu”etimesfrom0.1

.—
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~

to100hoursandfortemperaturesfromroomtemperatureto 700°F. A
similarstudywasmadeon202k-T3aluminum-alloysheet.(Seeref.3.) b“
Thestress-straincurvesarepresentedforeachtemperatureandexposure
timeinvestigatedandsignificantdesigndataobtainedfromthecurves@e
givenin graphicalandtabularform.A studywasmadetodeterminewhether

—

thecompressiveyieldstressesforvariouscombinationsoftemperature
ande~osuretimecanbe plottedasa single=curveagainsta time-

.—

temperatureparameterderivedfromrate-processtheory.
—

SYMBOLS -.

u

acy

‘3

E

ES

‘t

t

T

T~

strain

stress,psi .-

0.2-percent-offsetcompressiveyieldstress,psi

stressatwhich Et= 1 E* s)Psi

stressatwhich ~ = ~ E~ s>Psi

Young’smodulus,psi

secantmodulus,psi

tangentmciklus,psi

exposuretime, hr

temperature,‘F

temperature,‘R

.—--

TESTSPECIMENSANDPROCEDURES —

Thecompressivestress-strainspecimens,were1.00inchwideand
2.52incheslong.Allspecimensweremachinedfromonesheetof7075-@
aluminumalloyof 0.C6k-inchnominalthicknesswiththelongitudinal

—
*

axesofthespecimensparallelwithther.oll&ngdirectionofthesheet._
Thespecimensweretestedinthecompressivestress-straintestequipment

-—

‘“F—
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showninfigure1 anddescribedinreferenceh. Temperaturevariation
overthel-inchgagelengthof thespecimensdidnotexceed5°F during
thetests,smdspecimentemperaturesduringthetestsweremaintained
withinHo F ofthetesttemperature.Therateof loadingwascontrolled
toachieveas closelyaspossiblea strainrateof 0.002perminutefor
allspecimens.

Forexposuretimesof1 hourorlessthespecimenswereinserted
inthepreheatedcompressivestress-straintestfixturesandweremain-
tainedat testtemperatureforthedesiredtimepriorto loading.
Erposuretimeforthesespecimensisdefinedasthetimeat testtem-
peraturepriortoloadingplusthetimerequiredtoloadthespecimens
tothecompressiveyieldstress.Forexposuretimesgreaterthan1 hour,
thespecimenswereheatedinan ovenat thedesiredtesttemperatures
forthedesignatedexposuretimes.Thesespecimenswerethencooledto
roomtemperatureandsubsequentlyreheatedto thetesttemperaturesin
thecompressionstress-strainequipmentpriorto loading.Testingof
thesespecimensbeganimmediatelyafterthedesiredtesttemperature
wasachieved.

Threespecimensweretestedat eachtemperaturefora 0.5-hour
exposure.Onlyonespecimenwastestedat eachoftheothertempera-
turesandexposuretimes.

RESULTSANDDISCUSSION

TestResults

Compressivestress-straincurvesobtainedfromthetestsfortem-
peraturesup to 700°F andfora 0.5-hourexposureat theelevated
temperaturesme giveninfigure2. Thecurvesaretypicalresults
obtainedfromtestsofthreespecimensat eachtemperature.The0.2-
percent-offsetcompressiveyieldstressesareindicatedby thetick
marks. Figures3 to 14presentcoregressivestress-straincurvesobtained
fortemperaturesfrom2(X)0F to 700 F smdforexposuretimesfrom0.1to
1~ hours.A Summsryofthecompressivepropertiesobtainedfromthe
stress-straincurvesshowninfigures2 to 14 isgivenin tableI.

A curveofaveragevaluesofYoung’smodulusobtainedfromthetests
at eachtemperatureisgiveninfigure15. Thescatterin theexperi-
mentalvaluesofYoung’smdulusrangedfromapproximately$2percentat

‘6percentat thehightesttemperatures.thelowtesttemperaturesto -
No significantchangeinYoung’smoduluswasobtainedat a giventempera-
turefordifferentexposuretimes.Resultsof studiesby previous
investigatorshaveindicatedthatno significantchangeinYoung’smodulus
shouldbe expectedfordifferentexposuretimesat a giventemperature.
(Forexample,seeref.2.)



NACATN 38544

the
are
the

Theeffectofexposuretimeatthedifferenttesttemperatureson
compressiveyieldstressisshowninfi~.e I-6.Experimentalresults
shownby thesymbols.Solidlinesaredrawnthroughthedatawithin
rangeof exposuretimesinvestigatedateachtemperature.Thedashed

curvesindicateestimatedvaluesofcompressiveyieldstressobtainedfrom
a crossplotofthedatainfigure16intotheformshowninfigure17.

Theresultsshowninfigure16itidicatethatthemaximumcompressive
yieldstressesat eachtemperaturewereobtainedfortheshortestexpo-
suretime. The7075-T6aluminum-alloysheetin the“asreceived”con-
ditionisartificiallyagedtomaximumstreng&andadditionale~osme. ._
at elevatedtemperaturesproducesoveragingwitha resultant10SS of.
strength.@ contrast,thecompressivestren@hofa naturallyaged
materialsuchas 202&T3aluminumalloycan%e increasedby exposureat
elevatedtemperatures.(Forexample,seeref..3.) Intherangeof
exposuretimesinvestigatedfor7075-T6‘aluminumalloy,verysmallchanges
in compressiveyieldstresswereobtainedwithincreasingexposuretime
fortemperaturesup to300°F, substantialchangeswereobtainedfor
temperaturesfrom350°F to6000F,andonlya slightchangewasobtained
ata temperatureof 700°F.

Figure18presentsthechangeofsecantmcduluswithstressfor
temperaturesrangingfromroomtemperatureto703°F fora 0.5-hourexpo-
sureat theelevatedtemperatures.Tigures19to 30showthechangeof
secantmoduluswithstressateachtesttemperaturefordifferentexpo-

—

suretimes.Thechangeoftangentmoduluswithstressattheelevated
temperatureIsgiveninfigure31fortheO.~:houexposureandinfig-

.-

ures32to 43 for all.exposuretimesinvestigatedattheelevatedtem-
peratures.Thesecantandtsmgentmodulipresentedhereweredetermined””‘-
fromstress-straincurvesobtainedfora givenstrainrate. Considerably
differentvaluesoftangentmodulimaybe expegtedforotherstrainrates;
however,thevaluesof secantmodulusarenotexpectedto chsmgeappre-
ciably.

Figures44and45presentthechangesof .U2 and

withexposuretimeforthedifferenttesttemperatures.
‘2 ‘d ~3 aredefinedinreference5 asthestresses

. .

03,respectively,

Thestresses
atwhich

.~E =AE‘t 2 s Wd % 3 Ej>respectively.Thesestresseswereshowntobe

usefulinthedeterminationof..maximumcompressivestrengthofplates
(ref.5)andmayalsobe consideredtobe suitabledefinitionsofcom-
pressivestrengthformaterialsat elevatedtemperatures.Valuesofboth

a2 - a3 showchangeswithexposuretimeat thedifferenttemperatures

thatapproximatethechsnges.inthecompressiveyieldstress.Thecom-
presfliveyieldstress,however,isgreaterth~ eithera2 or

‘3 atany
correspondingtemperatureandexposuretime..~e valuesof IJ2snd

‘3
determinedfrom.eachstress-straincurvearelistedintableI.

-.
—

-

—

—
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MasterCompressive-Yield-StressCumve

A time-temperatureparameterusedpreviouslyforcorrelatingthe
hardnessof steelswithtimeandtemperingtemperatures(ref.6) was
investigatedtodeterminewhethertheyieldstressesshowninfigure16
couldbe presentedas a singlemastercurve.Thetime-temperature

(
parameteris TR24 + log10t , where TR istemperatureindegrees

)
Rankine,24 isa materialconstant(determinedfromequation[A81of
ref.6),and t isexposuretimeinhours.Compressiveyieldstresses
obtainedinthepresentinvestigationareplottedasa functionof this
time-temperatureparsmeterinfigure46. T&t resultsareshownfor
temperaturesfrom300°F to7C0°F andforexposuretimesfrom0.1to
100hours.Compressiveyieldstressesdeterminedfortemperaturesbelow
300°F areomittedfromthisfigure.Fortheserelativelylowtemperatures
no significantchangesinyieldstresseswereobtainedintherangeof
exposuretimesinvestigated.Inthetemperaturerangefrom300°F to
4C0°F relativelysmallchangesin compressiveyieldstresswere
obtainedforsomeof theshortexposuretimes.Thesedatadonotlie
on themastercurveandhavebeenconnectedby dashedlinesforeach
temperature.Themastercurveoffigure46 appearsusefulforestimating
compressiveyieldstressesatdifferenttemperaturesandexposuretimes
exceptat thelowtemperatures.No dataare availableto indicatewhether
themastercurvecsmbe usedsuccessfullytopredictcompressiveyield
stressesoutsideof therangeinvestigated,particularlyforveryshort
exposuretimesathightemperatures.

CONCLUDINGREMARKS

Theresultsof compressivestress-straintestsof7075-T6aluminum-
alloysheetindicatethatthecompressiveyieldstressdecreaseswith
increasingtemperatureandthatthehighestvalueofcompressiveyield
stressis obtainedfortheshortestexposuretimeat eachtemperature.
Forexposuretimesfrom0.1to 100hoursthechangesin compressiveyield
stresswithexposuretimewerenotsignificsmtup to 3(M0F andat
700°F; fortemperaturesbetween350°F and6000F substantialchanges
wereobtained.No significsmtchangeinYoung’smoduluswasobtained
fordifferentexposuretimesat anygiventemperature.A time-temperature
parameterwasusedto obtaina masteryield-stresscurveforall
compressiveyieldstressesexceptthoseat thelowertemperatureswhere
smallchangesinyieldstresswereobtainedfordifferentexposuretimes.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Lar@eyField,Va.,August6, 1956.

—
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TABLEI.-COMPRESSIVEPROPERTIESOF7075-T6ALUMImM-ALLOYSHEET

FORVARIOUSTEMPERATURESANDEXPOSURETIMES

r~-~ sheetthickness.O.C& inch:nominal
strain rate, 0.052per minute]

%

Room
200
200
2C0

250
250
250

3cKl
300
300
300

;:
300

350
350
350
350
350

%

375
375
375
375
375
375
400
4ca
4co

;E
400
400
4cn

&

425
425
425
425
425
425

Exposure,
h’

-----
0.1
.5

1

.1

.5
1

.1

.5
1
4

R
lCQ

.1

.5

:
10
40
100

.1

:;
.4
.5
1

.1

.2

.3

.4

.5
1
4

E
100

.1

.2

.3

.4

.5
1

ucy~
psi

.2.;x 103
66:9
66.8
63.5
62.2
62.5

57.7
56.6
36.0
56.2
55.0
Z.k
49.5

50.6
50.5
4$).2
46.2
40.2
*.1
27.3

48.0

&z
45.2
44.4
40.4

42.5
42.5
39.8
39.2
38.9
35.9
29.2
23.6
20.3
B.8

38.0
35.’5
32.1
31.7
30.3
26.1

E,
psi

10.5x 106
10.0
10.2
10.0

9.9
9.7
9.7

9.4
9.6
9.7’
9.5

;:;
9.7
8.9

;:;
9.0
9.2
8.9
9.2

8.9

::;
8.7
8.8
8.7

8.7
8.5
8.5

::2
8.7
8.6
8.5
8.7
8.7

8.6
8.4

::;
8.3
8.0

‘%
pd

64.5x 103
60.5
60.5
60.5

57.0
56.2
56.2

52.2
50.9
50.8
51.0
49.5
48.0
44.5

:;.:

44:3
41.4
36.fI
30.3
24.o

42.8
42.5
41.1
40.5
39.4
36.0

38.5
38.3
;;.:

34:5
32.0
25.4
20.2
18.3
16.3

34.0
31.2
28.3
27.5
26.3
22.9

U3,
psi

6g.ox1(Y
64.4
64.4
64.4

60.8
60.0
60.0

55.0
54.5
53.4
53.6
52.6
50.5
46.5

48.0
48.0
46.9
43.5
37.8
31.8
27.6

45.5
45.0
44.0
43.5
42.8
38.8

41.1
40.9
38.1
38.0

z:
27.0
21.4
19.0
17.5

35.9
33.8
30.5
29.8
28.2
24.5
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TABLEI.-COMPRESSIVEPROPWWIESOF70’75-T6ALUMIXUM-AW3YSHEET

T,
OF

450
454)
450
450
450
450
450
450
450
450

;:

500

%
500

;:
500

550
550
550
Bo
550
550

6co
600
6cm
600
603
6@

703
700
700
700
700

;:
700
700
7(XI

FORVARIOUSTEMPERATURESANDEXPOSURETIMIS- Concluded

[NmirIalsheetthickness,O.@ inch;nominal
strainrate, 0.002peTniinutel

.-
Expoaure,

hr

,1
.2
.3
.4
.5

:

:
100

.1

.2

::
.5

:

E
1(K)

.1
;2
.3
.4
.5
1

.1

:;
.4
.5
1

.1

.2

::
.5

:

$
la)

%yf

p6i

31.1 x ld’
29.0
26.7
26.0
23.9
21.9
18.6
16.0
14.4
13.6

21.0
19.4
18.8
18.3
17.0
15.8
13.0
u.6
10.0
8.5

15.1
13.8
13.6
12.3
11.3
10.6

10.4
:.;

8:2
7.9
7.6

5.6
5.5
5.3
5.2

?;
4.7
4.7
4.6
4.4

E,
psi

8.OXK$
j;

●

M
8.3
7.8
7.9
8.1
8.3 “-

7.6
7.8
7.2
7.2
7.6 ‘“’
7.5
7.3 .:

;:;
7.7

i:;

2::
6.9
6.6

.2::
5.9

2:2
6.0

::;
4.5 --
4.2

::;
4.5
4.6
4.7

27.7X 103
25.5
23.8
22.0
20.5
18.5
15.8
13.5
12.0
JJ.5

17.2
16.”5
15.6
14.8
14.0
13.0
,10.6
;.:

6:8

.13.5
U..o
10.9

;::
8.1

:::
6.3
6.0
5.7
5.5

;::
4.0
3.6
3,6
3.4
3.3.
3.2
3.2
3.2
..

a,3
psi

29.9X 103
27.3
25.2
24.7
22.3
20.4
16.9
14.5
u2.8
12.2

19.4
18.0‘
17.2
16.3
15.6
14.5
11.7
10.5
9.0
7.5

14.5
12.5
12.,2
10.8;

;::

9.1
7.9
7.3

$:
6.5

4.8
4.7

?:;
4.2
4.1
4.1
4.0

::;

#

.._

“k

—

—

E.

-.



9

.

G

..—.— -- . ...- 1%’

-.—- F“
“———— Strain-transferrodsm II

------- L \ F1
. --—-

\‘j=N-ansfmmer gage ,?. “

w _—
,.

——.— .

L-854sT. 1
Figure1.-Equipmentforcompressi-vestress-straintests.



Cr,

IOOXIC7

80

T,‘F
60‘ Room /

psi

40 i

20

Figure2.- Compressive
sheet. 0.5-hour

E

stress-straincurvesfor 7075-T6duminum-~oy
f=w=e; str~ rate,0.002perminute.

.

1,

v * r
,,,

k



* r

looxlo3—

80 —

60 —

a, psi

40 —

20 —

T
T

—

Figure3.- Compressivedress-straincurves for 7075-Malwdnws+l.loy
sheetat200°F.



Ioox lo3—

80

60

~, N

40

20

‘Expcwre, hr /

.1

Compressivestress-strain curves fa 7075-T6aluminum-w

8
‘1

,- .



Iooxld

80

60 — — — — y

Exposure, hr

q psi

40 / { I

20

c

Figure5.-Ccmpresslvestres6-i3traincurvesfor 7075-T6aluminum-moy
6heekd 300°F.



z

8[

6(

O,@ 4(

2(

(

d

ExposlJre, hr

.1

/ / /

4/

/ {

,002 p-

Compressive.stress-straincurvesfor 7075-T6alumlnum-alloy

P
.P-

t- 4



70x Id—

60 -

50

40

CT,psi

30 -

20

10

— —

I

/

Figure7.-Compressivestress-straincurves
sheetat375°F.

1



60X 103—

5C

w

CJ,psi 30

x

Ic

o
.002

Expowe, h

.1

/

/

T
I

~

x---

/
.5

/

---i

Figure8.- Ccnri.prei3sivestress-strain curves
sheet at @o F.

-
I

for7075-T6duminum-dhy

r

F
m



50

40

30

q psi

20

I

10

0

—

-t-

--L
Figure9.-(kmqmessivestress-stracurvesfor7075-T6~uminum-auW

sheetat425°J?.

#
R

9



03—

—E

f

.002

mm, hr

.1

+
I

—

—

/

7)0
—

Figure10.- Conrpressivedress-strain curves for 7075-7!6 aluminum-alloy

1 sheetat h~” F. I



30

25

20

cr,psi 15

10

5

0

lo3—

t

.001

,pmure, hr
,1

/

/

—

—

/

f

.—

f

/ —

/- +-----

/ ---+

/ f
/

/

—

Figurell___Coqressive stress-strain curves for 7075-T6aluminum-alloy
sheetat5CX)0F.



2C

1!

cr,pSi 1(

t.

<

03–

Figure12.- Compressive stress-strain curves

, ,.

sheetat 550° F.

* *

—

—

for 7075-T6

1 II

alumimm-snoy

-

E!

.%1



cl–

—G

7
.001

Isure,

.1

(

/

—

T
— —

#----

—

Figure1.3.- Compressive stress-strain curves for 7075-T6 aluminum-alloy
sheet at 600° l?.



9

8

7

6

fi.

c, psi

4

3

2

I

o

Expo&e, hr

[

.001

f
I

Figure14.- Compressivestress-strain curves for TV 5-T6 duminum-tiw
sheetat700°F.

t,
1’. 1,



NACAm 385k 23
--

.

.

.

E,,psi

11X1

10—

9 —

8

7

6 \

5

4 —

30 1 1 , , I , J
100 200 300 400 500 600 700 –

T, ‘F
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Figure16.- Effectoftemperatureand exposuretime on the 0.2-percent-
offsetcompressiveyield stressesfor 7075-T6aluminum-alloysheet.
(Dashedportionsof curvesindicateestimatedvaluesobtainedfrom
fig.17.)
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Figure17.- Effectoftemperatureandexposuretimeonthe0.2-percent-
offsetcompressiveyieldstressesforYO’75-T6aluminum-alloysheet
(obtainedbycross-plottingdatainfig.16).
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